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CHARTS FOR THE MINIMUM-WEIGHT DESIGN OF 24S-T ALUMINUM-ALLOY FLAT
COMPRESSION PANELS WITH LONGITUDINAL Z-SECTION STIFFENERS

By Evan H. SCEUETTE

SUMDMARY

Design charts are developed for 24S8-T aluminum-alloy flat
compression panels with longitudinal Z-section stiffeners.
These charts make possible the design of the lightest panels of
this type for a wide range of design requirements. Exramples
of the use of the charts are giren and it is pointed out on the
bagis of these examples that, over a wide range of design eondi-
tions, the maintenance of buckle-free surfaces does not conflict
with the achierement of high structural efficiency. The achiere-
ment of the maxrimum possible structural efficiency with 24S-T
aluminum-alloy panels, however, regquires closer stiffener
spacings than those now in common use.

INTRODUCTION

In a longitudinally stiffened compression panel, in which
all the material is active in carrying load, the requirement of
minimum weight is tantamount to that of carrying the load
at the highest possible average stress. The average stress
developed by such a panel under the loading conditions
imposed is thus a direct measure of the structural efficiency
of the panel. If longitudinally stiffened compression panels
are to be designed for high structural efficiency without a
large number of cut-and-try computations, it is desirable
that design charts be prepared to indicate the average stress
attainable under various loading conditions. The prepara-
tion of such charts requires that a suitable design parameter
in which the important Ioading conditions are incorporated

be found.
It has been found that a suitable parameter for longi-

tudinally stiffened compression panels in the design of
which the transverse stiffness can be neglected is -Tlij?
where P, is the compressive load per inch of panel width,
L is the panel length, or distance between supporting ribs,
and ¢ is the coefficient of end fixity at the ribs. The quantity
P, which is essentielly independent of the distribution of
material in the compression panel, can be estimated for a
wing panel from the bending moment on the wing and the
thickness and chord of the wing. The length L may be
fixed by the presence of such installations as fuel tanks or
armament or may be arbitrarily assigned for the purpose of
arriving at a trial design.

In reference 1 buckling stresses were plotted against the

parameter 1%-5; with slightly different notation, to form

the basis of a theoretical study of the efficiencies of various

types of stiffening elements. In the present paper the same
parameter has been used as & basis for the preparation of
design charts from extensive test data on 24S-T aluminum-
alloy flat compression panels with longitudinal Z-section
stiffeners; the data were- obtained from reference 2 and
from additional tests completed since publication of refer-
ence 2. These charts make possible the choice of the
lightest panels of this type to conform to a wide range of
design conditions. An appendix is presented in which the
procedure followed in preparing the charts from test data is

described and the method for obtaining f% as a natural

parameter against which the average stress may be plotted to
obtain a direct measure of structural efficiency is developed.

SYMBOLS AND DEFINITIONS

The symbols used for the prineipel panel cross-sectional
dimensions are indicated in figure 1. In addition, the
following symbols are used: ’

A, cross-sectional area per inch of panel width, or equiva-
Ient thickness of panel, inches

L length of panel, inches .

P, compressive load per inch of panel width, kips per inch

E, modulus of elasticity in compression, ksi

¢  coefficlent of end fixity as used in Euler column formula

k  coefficient in formula for local-buckling stress

p  radius of gyration of panel cross section, inches

v nondimensional coefficient that takes into account re-
duetion in effective modulus of elasticity when panel
fails as a column beyond the elastic range

o cCritical stress, or stress for local buckling, ksi

7. average stress at column failure, ksi

Tmae &verage stress at local failure, ksi

7y average stress at failure for any panel, ksi
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F1auRE 1.—Symbols for panel dimensions,
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The average stress at which any particular panel fails, 7,,
may be a local-failure stress, a column-failure stress, or the
stress for a type of failure intermediate to these two. TFail-
ure by twisting of the stiffeners is included as a form of local
failure. Because the design charts are based on actual test
data, it is not necessary to make any distinction between
local and twisting failure. Such a distinction, moreover,
would be at best an arbitrary one, as the two types of failure
are interrelated in the case of stiffened panels.

It should be noted that the local-failure stress ,;, Which
represents the maximum value of average stress that can be
achieved in a given cross section as the panel length is re-
duced, is an average stress at failure and is not to be confused
with the stress for local buckling s, which does not neces-
serily imply failure. The term “local buckling’” as used
herein includes both buckling of the skin and buckling of the
stiffeners, because neither of these elements can buckle with-
out exerting moments on, and thus causing deformation of,
the other element. .

DESIGN CHARTS

Design charts for 24S-T aluminum-alloy flat compression
panels with longitudinal Z-section stiffieners are presented in
figures 2 to 5. The procedure used in the preparation of these
charts from test data is deseribed in the appendix. Values
of Afts, necessary for arriving at a final design, are given in
tables 1 to 3 for a wide range of dimension ratios.

In order to show the maximum stresses attainable by the
use of panels of the type to which the charts apply, envelopes
are indicated by the dashed lines for each value of the
ratio bg/ts in figures 2 to 5. These. envelopes have been
combined (fig. 6) to give the over-all envelopes for the four
values of the ratio {wfts. The values of bgfts and byt
needed in order that a panel will develop the stress indicated
by an envelope are also given in figure 6.

The design parameter Lf I against which stress is plotted

in figures 2 to 6, comprises the principal design conditions:
the compressive load per inch of panel width; the length of
panel, or distance between supporting ribs; and the coeffi-
cient of end fixity. The most efficient (lightest) panel for a
given combination of these conditions is that panel which
will develop the hlghest average stress for the particular

value of — = ] ‘/——

Discussion of charts.—The charts include a wide range of
panel proportions. All the charts have been drawn for a

value of ?)bT:=O.4 ; it is shown in the appendix (figs. 17 to 20),
however, that curves for Z—;=0.3 and 0.5 would be in close

agreement with the curves for {)r‘; =0.4. The curvesof figures

2 to 5 may therefore be applied with reasonable accuracy
for any value of be/by between 0.3 anid 0.5. The available
test data seem to indicate, moreover, that the most efficient
use of material will be realized if & proportion in this range is
selected. (See appendix.)
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The short horizontal lines that interseet the curves of
figures 2 to 5 indicate, for each panel cross section having
appreciable local buckling, the stress at which this buckling
occurs. ~ In this report this stress is taken as that at which
the compressive strain on one side of the skin or the stiffener
web begins to be reduced with increasing load. This defini-
tion of buckling is convenient for structural testing; from the
standpoint of aerodynamic smoothness, appreciable buckling
probably takes place at stresses somewhat lower than those
indicated on the charts. It will be noted that for some of
the lower values of bg/ts and by/ty no buckling stress is shown.
In these cases, there will undoubtedly be some buckling but
presumably it will occur at a stress coincident with or only
very shghtly below the failure stress.

It is pointed out that for =0.79 and 1.00 (figs. 4 and 5),

_ the curves for values of $:=-25 and 30 have been obtained

entirely by extrapolation. These curves should thereforo be
used with a certain degree of caution. A few check tests
made since the preparation of the charts, however, indicate
that the curves will in no case be more than 6 percent un-
conservative. In all the other curves, it is believed that any
unconservatism that may be present is of much smaller
magnitude.

Discussion of tests and test panels.—In order that the de-
sign charts may be properly used, it is necessary to know
something of the test pancls and tho. test results on which
the design charts are based. The details of these tesls are
described in reference 2; some of the pertinent information
regarding the tests follows:

The test panels consisted of six stiffeners and five bays.
The panels were tested flat-ended and without edge support.
A fixity coefficient of 3.75 was used in reducing the {est
data for epplication to an effective pin-ended length. The
average compressive yield strength for the material of which
the test panels were constructed was about 44 ksi; the min-
imum yield strength, about 41 ksi; and the maximum yield
strength, about 46.5 ksi. The rivets were countersunk and
were driven by the NACA method of inserting a flat-head
rivet from the stiffener side of the hole, upsetting the rivet
shank into the countersunk cavity, and milling off the pro-
truding portion of the upset shank. The rivets were AI7S-T
(AN442AD) and were of the sizes and spacings indicated by
the following table:

tw Rivet spacing | Rivet diameter
41 [ ia
0. 61 10.0 1,60
.63 12.3 1.84
.7 12.3 1.93
. 100 11.7 1,95

Because the compressive strength of stiffened panels may
be affected by’ the size and spacing of the rivets used to
attach stiffeners to skin (reference 3), the rivet attachment
must be equivalent to that indicated by the foregoing table
in order to be sure of realizing the strengths indicated by the
design charts.
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USE OF DESIGN CHARTS AND EXAMPLES

If sheet material could be obtained in any desired thickness
and if no special limitations were put on the design, it would
be sufficient merely to find those proportions that would give

the highest stress for the given velue of —— = Because

L/ Ve
certain limitations are usually imposed, however, the struc-
ture that represents the best compromise of all the require-
ments must be chosen.

The usueal gages in which aluminum-alloy sheet is manu-
factured are such that if the four ratios of #x/fs in figures 2 to
6 are applied consecutively to a particuler skin gage, the
four stiffener gages that result will generally be consecutive
standard gages. Interpolation between the curves of two
consecutive charts (figs. 2 and 3, 3 and 4, etc.) is therefore
unnecessary for most practical purposes.

The particular procedure to be used in obtaining & design
from the charts will depend on the nature of the results
desired. Three possible methods sre discussed, and examples
are given of designs obtained for a given load intensity and
three different lengths by each of the methods.

The distinguishing features of each method are

Ideal design:

The method for obtaining the ideal design gives the lightest
panel that could be obtained if the designer were not re-
stricted to the use of standard sheet gages. The design is
obtained by use of the over<all envelopes of figure 6 only.

Short method:

The short design method provides, without lengthy eom-
putation, a near approach to the lightest panel that can be
obtained by use of standard sheet gages. The design is
obtained by use of the envelopes for given values of bs/lg
that appear as dashed lines in figures 2 to 5.

Masdimum efficiency:

The method of designing for meximum structural effi-
ciency gives the lightest panel that can be obtained by use
of standard sheet gages. The design is obtained through a
complete study of the individual solid curves in figures 2
to 5. The method is somewhat lengthy; examples have
been worked out by its use, however, to serve as a check on
the short method, so that that method can be used with
confidence. '
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Each of the three methods is given as a series of steps for
reaching the final designs. In the method for obtaining the
ideal design, the detailed computations for the four values of
twfts included in figure 6 are given for L=10, 20, and 30
inches with P;=3.0 kips per inch and ¢=1. In the other
two methods, the detailed computations are given only for

L=20 inches and ——0 79, again with P;=3.0 kips per inch

and ¢=1; final rcsults are glven however, for the complete
get of examples considered in the discussion of the first
method. It is assumed in all cases that a skin thickness
of 0.064 inch is pecessary in order to comply with other
design requirements. A value of bz/by- of 0.4 is used through-
out. In arriving at the final designs, no values of the
dimension ratios outside of the ranges covered by the charts
are given consideration. ’

Method for obtaining the ideal design.—The ideal-design
method consists of picking from figure 6 the optimum pro-
portions and the stress and computmg from these the actual
panel dimensions.

The values and computed quantities for the conditions
previously mentioned are given in table 4 and are referenced
to the steps in the following procedure:

(1) Compute —= L/\/_

(2) From the curves of figure 6 pick off for each value of
tw/ts the values of bgfls, byftw, and 7, corresponding to the

P,
value of T/Ve
(3) Pick from table 2 the values of A,/ts for the ratios
0.3 or 0.5' is used, table 1 or

table 3, respectively, should be used instead of table 2.)
(4) Compute

determined in step 2. (If gi =

P

This formula is based on the equality

P( U[At
(5) Compute

b
bs=t—: t,g

b
W=t—: tw

This procedure results in four designs for each length,
corresponding to the four values of #z /g, for the given condi-
tions. (See table 4.) The values marked with footnote a
in table 4 represent those chosen as approaching most
closely the desired condition of #5=0.064 inch; these values
therefore give an indication of the proportions needed in a
practical design to meet the design requirements most
efficiently.
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The resulting designs are shown as the ideal designs at the
tops of figures 7 to 9, along with bar graphs of the average
stress at failure and the buckling stress. The bucklipg
stress for each design was obtained by interpolation from
the short horizontal lines for buckling in figures 2 to 5. In
some cases in which failure is by column action, the buckling
stress shown by figures 2 to § will be greater than the failure
stress for the designs obtained. Whenever this difference
occurred in the present examples, the buckling strcss is
shown equal to the failure stress.

Short methed for obtaining a practical design.-—~Tha short
method consists of picking the oplimum valuo of byfty and
the corresponding stress for cach value of bgfty from the in-
dividual envelopes of figures 2 to 5 and computing from these
values the actual panel dimensions. Panel designs that
employ standard sheet gages are then selected from {he
various designs obtained.

The values and computed quantities for L=20 inches and

i—:’= 0.79 are given in table 5 and are referenced to thesteps
in the following procedure:

(1) Compute : L/

(2) From the curves for a particular value of ¢xfls (in this
example, fig. 4 for il'=0.79 is used) pick off for each value of
5

bsfts the values of byftyy (by interpolation along the dashed
cnvelope) and o, (from the envclope) corresponding to the

value of ——= 7] V,—

(3) Pick from table 2 the values of .1,fts for the ratios de-
termined in step 2.

(4) Compute

(5) Plot byftw, ts, and 7, against bgffy for the particular
value of #ifts. (The plot for the example being considered
is shown in fig. 10.) Tabulate the values of bgfts, birfty-, and
7, corresponding to the point where fy equals the specified
value.

{6) Check computations by picking from table 2 the value
of "A,/ts corresponding to the ratios tabulated in step 5. If
all computations and plots are correct,

Ay

P¢= 0'; t ts
(7) Compute
tW=£tE t,g
S
bs='tb:s ts
br=2 1
tw

(8) Repeat steps 2 to 7 for other values of fi/fs.
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35 - P,
1 C te ——=.
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.08 of P, .
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08 P
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P
.05 —— I or Is
32 .
(5) Plot s and T, against bsfts for each value of bgfty and
30 < twffs. Plot the particular value of by-ftw at the value of bgfly
G, ksi . i >\ for which {5 equals the specified value and mark the value
gg__fjs’g.” pa;:f’ T ™~ of stress at that value of bgfts. The plots of this step for the
7, =933 g =20l N example under consideration are given in figure 11 as the
26 short lines for the several values of byfiy indicated. In order
to avoid unnecessary confusion, only short portions of the
. o __ '
245z o35 0 yi = 5 0 curves, except the curve for = 20, are shown.
.tllf. (6) After step 5 has been completed for all the values of
3

FiaURE 10.—Plot for obizining practical design by short method. P;=3.0 kips per inch;
1.3

Lm0 inches; ca1; ts=0.064 Inch; 7=0.79.

Like that for the ideal design, this procedure results, for
each length considered, in one design for each value of
twfts. It may not always be possible to find satisfactory
designs under the conditions imposed for all values of

twfts. (Note that no designs are given in figs. 8 and 9 for
tt—“’=0.51.) All the designs resulting from the use of the short
3

method utilize standard sheet gages and meet the require-
ment that {3=0.064 inch. The choice of design now de-
pendsonartiving at asuitable compromise between high stress
and wide stiffener spacing. If the prevention of buckling
under load is considered important, then the buckling stress
must also be taken into account in making a choice.

The designs obtained by ecarrying out the foregoing
procedure for the several values of L and /s are shown as
the short-method designs in figures 7 to 9 slong with bar
graphs of the average stress at failure and the buckling
stress. ’

Method of designing for maximum structural eficiency.—
The maximum-efficiency method consists of computing the
thickness required as bgfts is varied for each value of by/ty
and selecting the designs for which the skin gage is equal to
that desired. The procedure results in o series of possible
designs for each value of ¢y fts, from which those designs that
provide the highest average stress at failure can be selected.

The values and computed quantities for L=20 inches and

i%;'5=0.79 are given in table 6 and are referenced to the steps

in the following procedure:

bw/tw, draw curves of stress and of b/t against bgfts through
the points determined in step 5 (heavy curves in fig. 11).

50
40
L N
tw
30 {.
20
.08
—bﬂ:Ea
07 e 251 174030 t,-006+
S »lg=
ts, In /Jd _____ 7,.;%_“:'5_‘? i
06 ol
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55 .1Design for maximurn
1 | structurot efficiency
! [}
AN | Femeess Lzaaso
% Pk ==
Gy ksi / 45‘\30
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25 —gff-eo (S
N )
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25 3 35 £0 5 45 50 55 60
Ys,
[£3

FI16URE 11.—Plot for obtaining design for maximum structuralefMelency. Pi=3.0 kips por Inch;

Le=20 inches; cei; am0.084 inch; -‘1"—'-0.79.
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(7) Each of the curves drawn in step 6 represents a series
of designs, ell of which have the required value of #g (in this
case, 0.064 in.). The maximum point on the curve of &
indicates the design for maximum structural efficiency for
the particular value of #xfis. Note this maximum value
of &, the value of bsfts at which it is reached, and the value of
bw/tw, which can be picked from the curve of bg/fly against
bsfts.

(8) Check computations by picking from table 2 the
value of A,fts corresponding to the ratios selected for maxi-
mum structural efficiency in step 7. If all computations
and plots are correct,

P£=?f}i; ts
(9) Compute
t
fw='ti: ts
b
bs=?5 t,g
bw=?—w tw
w

(10) Repeat steps 2 to 9 for other values of #y/is.

This procedure results, for each length considered, in one
design for each value of f5fts. The choice of a design de-
pends on arriving at a suiteble compromise between high
stress and wide stiffener spacing, with posmble consideration
for the buckling stress.

The designs obtained by carrying out the foregoing pro-
cedure for the several values of L and #zffs are shown as the
maximum-efficiency designs in figures 7 to 9 along with bar
graphs of the everage stress at failure and the buckling stress.

DISCUSSION

Figures 7 to 9 provide a visual comparison of the designs
that result from use of the three methods presented. The
short method of design gives in every case an average stress
at failure very close to that obtained by designing on the
basis of maximum structursal efficiency; the buckling stress,
however, is in some cases somewhat lower than that for the
maximum-efficiency panel.

YWhether the design obtained by the short method or the
design for maximum efficiency is selected, the best design for
P;=3.0 kips per inch, on the basis of stress, is obtained at

L=10 inches with tt;:=0.51, at L=20 inches with %=0.63,

and at L=30 inches with %"=0.79. In figure 6, however,

the highest envelope, which gives the lightest design, is that

for zif—“'=1.(}0. This apparent contradiction results from the
S
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fact that in working out the examples a skin thickness of
0.064 inch was specified. In order to reach the curve for

tW =1.00 (fig. 6), a study of table 4 shows that the skin thick-

ness would have to be 0.034 inch at L=10 inches, 0.041 inch
at 20 inches, and 0.046 inch at 30 inches. Mloreover, the
stiffener spacings for designs having such small skin thick-
nesses are very small.
on skin gages and stiffener spacings, therefore, it is fre-
quently not possible to reach the envelope values of stress
and hence the lowest possible weight.

Figures 7 to 9 show that the best panel (that with highest
;) obtained at each length by the meaximum-efficiency
method does not buckle until failure or very close to failure.
The best panel designéd by the short method, although it
may not have quite so high an average stress af failurs as
the maximum-efficiency panel, also does not buckle until
very close to failure. This condition has been found to
hold true over a wide range of design requirements. It is
therefore evident that over a wide range of conditions the
maintenance of buckle-free surfaces does not conflict with
the achievement of high structural efficiency. The simul-
taneous achievement of both these ends by use of 24S5-T
aluminum-glloy panels, however, apparently requires closer
stiffener spacings than "those now in common use. For
example, the maximum-efficiency designs for P,=3.0 kips
per inch and #{;=0.064 inch have the following spacings for
the three lengths:

L bs b
(In.) ts (4118
10 20 1.70
20 421 2.63
30 0.0 1.5

CONCLUDING REMARES

Charts are presented for the minimum-weight design

of 243-T aluminum-alloy flat compression panels with .

longitudinal Z-section stiffeners. From examples based
on the use of these charts, it is concluded that, over 2 wide
renge of design conditions, the maintenance of buckle-free
surfaces on longitudinally stiffened compression panels
does not conflict with the achievement of high structural
efficiency. The achievement of the maximum possible
structural efficiency with 24S-T saluminum-alloy panels,
however, requires closer stiffener spacings than those now
in common use.

LaxerLEY MEMORIAL AERONAUTICAL LABORATORY,
Natronan Apvisory COMMITTEE FOR AERONAUTICS,
LaneLeY Fiewp, Va., July 9, 1946.

(See table 4.) Because of limitations



APPENDIX
METHOD OF PREPARATION OF DESIGN CHARTS

Development of design parameter jWP‘:-—As stated in the

Introduction, the average stress developed by a longi-
tudinally stLﬁ‘ened compression panel is a direct measure of
the structural efﬁclency of the panel. It is further brought
out that a suitable design parameter sgainst which this

average stress may be plotted is I /\f'—c—’ where P, is the

compressive load per inch of panel width, L is the panel
length or distance between supporting ribs, and ¢ is the
coefficient of end fixity at the ribs.

. . _ P,
The following derivation shows how the parameter I/vs

evolves from the usual column formula:
The column formula may be written

7,::("";:_5’3- . (A1)

Multlphcatxon and division of the nght—hand side of equation
(A1) by P§ gives

- P 2 P‘ 2
re=rrk, (P') (LNE
If the stiffened panel is to have a strength just equal to that

required by the design conditions, P,=As. and equation
(A2) may therefore be written

e=rtrE (5) (LN‘,) ©)
% —niE, (A)(L/w/c)

which may be written

7=v(5) ()

(A2)

or

(A3)

The quentity /77F, in equation (A3) is fixed for a given

material, as is the relationship between 7, and r, except for
negligible shape effects. The quantit_\;r—i is the design
: Live

parameter; p/d, is dimensionless and is determined by the
relative rather than the absolute dimensions of a panel.

- .. Py
A plot of 7, against Iive is therefore dependent on the

ratios of the various panel dimensions and not on the abso-
lute values of the dimensions.
Determination of average stress at local failure ¢p...—
From equation (A3), the best panel of a given material for
580

any value of on the basis of column strength appar-

P,
Lie
ently is that pancl which has the highest value of pfd.
Changes in proportions that result in an increasc in p/Aq
will, however, generally cause a decrease in the local-failure
strength of the panel. (Local failure as used herein ineludes
the phenomenon of twisting, which is in reality only a form
of local failure that occurs when the lateral bending stiffness
of the outstanding stiffener flange is relatively small.)
The optimum panel for a particular application is given by
the compromise of column and local-failure strengths that

P,
gives the highest stress at the given value of 77~ Tive

The value of the average stress at local f:ulule T mar 19
difficult to determine theoretically. Certain tesl data are
available, however, from reference 2 and from additional
tests completed since the publication of reference 2. Those
data that were obtained from the shortest panels of each
cross section are summarized in figure 12, in which Tuas
is plotted against t5/by for various values of tx/tg and be/ls.
The ratio b/t has been inverted in this plot in order that

the additional point Tmer=0 when z—‘:_=0 (?;‘E—_:m) might

be used to aid in fairing curves through the test points.
The plots of figure 12 make possible an interpolation of Tmas
between test points for intermcdiate values of the ratio
bwftw. By plotting values of Gpqr picked from the curves of
figure 12 against ts/bs, values of Tpe, were also determined
for intermediate values of bgfts.

All the data sho ¥n in figure 12 are for a value of bb':,:.=0'4'

Test data for g—’-’ =0.3 and 0.5, however, were also employed
w

40: 2 e 3 ar L___
PAamp =¥ o 85
= L% ’ 5{J s 63 -
= p o .79

- 305 T2 4 100 —
:tn ; - » -3
jeo—
|b’ 3 {
E 7
£

/o:// * NEs
xal IRER ARl TN ANTNEIREN) l!llJIll(lqullLLLlnn IR dANAENATE A NEN N

o .02 (7] o2 [7 02 g a2 .0¢

%

FIGURE 12.—Average stress at locel faflure for 24S-T aluminum-alioy flat compression

panels with longitudinal Z-section stiffeners. :5 (.4,
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as g guide in fairing the curves, and the curves will be
shown to be reasonably accurate for any value of ds/bw
between 0.3 and 0.5.

Determination of stress for local buckling o,.—If the
panel did not buckle locally before failure, the theoretical
results thus far presented, used in conjunction with values
of Tuez, would be sufficient to construct a design curve

of Fragainst ——= for any panel. A typical curve for panels

L/ r‘
that do not buckle before failure is shown in figure 13.
Unless the width-thickness ratios of the various plate ele-
ments of the panel are small or the panel is relatively long,
however, there will generally be some local buckling before
failure. Yhen this buckling takes place, the cross-sectional
moment of inertia of the panel is reduced by the presence of
ineffective areas; the original curve of column strength
therefore no longer applies and the point at which buckling
takes place must be connected with the line for local failure
by means of & reduced curve. A typical curve, adjusted for
the effects of local buckling, is shown in figure 14.

The foregoing discussion shows that it is necessary to
know the stress at which buckling takes place. Data on
buckling stresses from reference 2 plus additional data now

available are therefore plotted in figure 15 for bb—"=0.4. Be-
w

cause the measured value of &/f for the element (skin or
stiffener web) that first showed buckling in a test panel was
never in exact agreement with the specified nominal value,
the observed buckh'.ng stresses from reference 2 were cor-
rected for use in figure 15 according to the following formula:

(7) e

( G'cr)cnrrzdad= (0’ cr) obserzed — 7 3 )
(—) nominal

-Local-fallure strength

B
'\

1—Column strength

P.
Live

Fiaure 13.—~T yplical design curve for panels that do not buckle.

Local-fallure str. \

s i e

(=~ Buckling stress

il
~~Column strength

723

FrocrE 14.~Typical design curve for panels that boekle.
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Fiovre 16.—Illustration of procedure used in preparation of design charts.

where the value of b/ is that for the web of the stiffener or
for the skin between stiffeners, depending on which of these

elements first gave evidence of buckling. This correction .

formula is based on the fact that, other factors being equal,
the eritical stress is inversely proportionsl to the square of
the width-thickness ratio. No account is taken herein of the
fact that this relationship is not entirely true for stresses
beyond the elastic range; it is assumed that neglecting this
fact will have no significant effect because the total correction
is relatively small.

The method used in fairing curves through the test points
in figure 15 is as follows:
~ For the horizontal portions of the curves on the right-hand
side of figure 15, the skin is primarily responsible for the
buckling; the ordinates for the curves in this region are
determined by drawing average lines through the test
points. As the value of iy/by is reduced, however, the
responsibility for the buckling shifts to the stiffeners and
there is a reduction in ¢.,. In the absence of adequate test
data for low values of fw/by, certain theoretical considera-
tions are used for determining the values of o, in this region.

It is possible to describe certain limiting conditions that
determine curves between which the correct curves must lie,
As the value of tw/by approaches zero, with all other dimen-
sion ratios held constant, the skin tends to become infinitely
stiff by comparison with the stiffener and the stiffener ap-
proaches a condition of complete fixity at the edge where it is
attached to the skin. 'This condition of complete fixity repre-
sents the upper limit of buckling stress. The value of &, the
coefficient in the formula for local-buckling stress (reference
4), when applied to,the stiffener web may be taken for this
condition as the geometric mean of the value of k for the
web of & Z-section column with %’;:0.4 (about 3.77, see
reference 4) and the value of k for a flat plate fixed at both
edges (about 6.98, see reference 5). This value of k is
+/3.77X6.98, or 5.13. The upper dashed curve in figure 15

gives o, for k=5.13. The use of the geometric mean of
values of % to obtain the critical stress for a plate with differ-
ent restraints along the two unloaded cdges is discussed and
justified for practical use in reference 5.

When 2%: =b?:, it is a reasonable and probably conservative
agsumption to conmsider the stiffener hinged at the edge
where it is attached to the skin. This hinged condilion
represents the lower limit of buckling stress. The value of
k for the web of the stiffener may be taken for this condition
as the geometric mean of 3.77 for the simple Z-section and
the value for a flat plate hinged at both cdges (4.00, sce
reference 5) or k=+/3.77X4.00=3.88. The lower dashed
curve in figure 15 gives o, for £=3.88. In the preparation
of the two dashed curves, the effect. of reduction in the modu-
lus of elasticity for stresses beyond the clastic range was
determined from results of tests of 24S-T aluminum-alloy
columns of Z-, channel, and H-scction that develop local
instability.

The solid curve on the left-hand side of figure 15 is drawn
in to give a gradual transition from the lower dashed curve

in the region where (;_W=%§ toward the upper dashed curve
w

as tw/bw approaches zero. In the region where -b“'=bf the
]

twr

curves are faired into the horizontal lines drawn through
the test points. A single curve was considered suflicient
for all values of ty/ts for the left-hand portion of figure 15,
because the few test points that were available in this region
indicated that the individual curves would be so close
together as to be almost indistinguishable.

The curves of figure 15, like those of figure 12, were cross-
plotted to give buckling stresses for the intermediate values
of bgfts that appear in figures 2 to 5.

Preparation of final curves.—The procedure used in the
preparation of the final curves of figures 2 to 5 is illustrated
in figure 16. An outline of this procedure is as follows:
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FI6URE 17.—Comparison of test dats with design cerves for 24S-T aluminum-alloy flat panels with Z-section stifleners. E-'—o.ﬂl.

(1) Draw curve for column strength corresponding to the
value of p/A;for the panel cross section. For the curves of
this report, the column curve for 24S-T aluminum alloy
was obtained from equations (5) and (6) and table I, &ll of
reference 6.

(2) Plot the values of stress for local buckling and for
local failure of panel obtained from the cross plots of the
curves in figures 12 and 15.

(3) Plot available test data and fair curves between
buckling stress and local-failure stress. This feiring wes
done first for those curves for which test data were available;
the remaining curves were then faired in a manner consistent
with the curves already established.

In a few cases (low bgfts with high byfts) the test data
indicated that the curves did not follow the smooth transi-
tion between column and local failure indicgated by figure 16.
Instead the curves tended to bend over sharply, in some
cases even below the buckling stress given by figure 15, and
to follow very neerly & straight line up to the average stress
for local failure. No explanation is offered for this phenom-

enon; the available test data were used as the sole guide
for fairing the curves in these cases.

Correletion between design curves and test date.—The
test data of reference 2 as well as the additional data made
available since the publication of reference 2 are plotted

Py
Lie
curves taken from figures 2 to 5 are also drawn in these fig-
ures and good agreement between the final design curves and

against the parameter in figures 17 to 20. Appropriate

be

by
In order to make it possible, if desired, to check the

the test data for ;—=0.4 exists throughout the range of the _

data.
correlation on a larger-scale plot, the test data for g—’=0.3, 0.4,
W

and 0.5 are given in table 7 in a form suitable for plotting
directly on the design charts (figs. 2 to5). Table7 and figures17 _
to 20 also make it possible to determine in which regions
the design charts are substantiated by test data and in which

regions they were obtained by interpolation or extrapolation. _
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Figure 18.—Comparison of test data with design curves for 248-T sluminum-alioy fat panels with Z-section stiffeners. %’—0.63.

Figures 17 to 20 indicate that there would be little differ-
ence in the curves for.gT‘;=0.3, 0.4, and 0.5 but that the

F

curves for g;=0.2 and probably 0.7 would be lower than

those for ?=0.4. The most efficient use of material will
w

therefore be realized if a value of b/by between 0.3 and 0.5
is used. It is for this range that the design charts are in-
tended to be used, although they are based on the specific

data for Bb'—:=0.4.
REFERENCES

1. Zahorski, Adam: Effects of Material Distribution on Strength of
Panels, Jour. Aero. Sci., vol. 11, no. 8, July 1944, pp. 247-253.

2. Rossman, Carl A., Bartone, Leonard M., and Dobrowski, Charles
V.: Compressive Strength of Flat Panels with Z-Section Stiffencrs.
NACA ARR No. 4B03, 1044.

3. Dow, Norris F., and Hickman, William A.: Preliminary Investi-
gation of the Relation of the Compressive Strength of Sheet-
Stiffener Panels to the Diameter of Rivet Used for Attaching
Stiffeners to Sheet. NACA RB Ko, 14113, 1044.

4. Kroll, W. D., Fisher, Gordon P., and Heimerl, George J.: Charts
for Calculation of the Critical Stress for Local Instability of
Columns with I-, Z-, Channel, and Rectangular-Tube Scetlon,
NACA ARR No. 3K04, 1943.

5. Lundquist, Eugene E., and Stowell, Elbridge Z.: Critieal Compres-
sive Stress for Flat Rectangular Plates Supported along All Edges
and Elastically Restrained against Rotation along the Unloaded
Edges. NACA Rep. No. 733, 1942.

6. Templin, R. L., Sturm, R. G., Hartmann, E. C., and Holt, M.:
Column Strength of Various Aluminum Alloys. Tech., Paper
No. 1, Aluminum Res, Lab., ALCOA, 1038.



CHARTS FOR DESIGN OF 248—T ALUMINUM-ALLOY COMPRESSION PANELS WITH Z-SECTION STIFFENERS 571

-l;_—s =35 50 75
5
= = w
~E Kd _ ) 2 20.
7d £ , '
05
40

yanumbyzm:

P oa 55
e E ﬁ
c / o
of abw—

Data from Ai'eference 2
[

3
cll 50

OpOoo
LA

= i/

:Lll Lrerdeergberapigngy IERTAS N RRINNEA AN ST ANAT] drpedpeptunerioagideteioenl
0 -4 ot a 2 £ [7, Z - 4L -8
Py Kips [in,

LNVT ' imn

F1aTRE 18.—Comparison of test data with design carves for 248-T aluminum-alloy fiat panels with Z-section stiffeners. :{-o.m.

—z;,ﬁ:ss 50 75
<0 s
3 - B
t
3 -1 cr N w
20:7/ ; ﬁgc z0
E /
oF .
40
= o &
> - ° [+
@ =
X 20k i 25
1 RS .
3 ' 2r
or Bvr
0 0.2
40 T [
3 Y pata from reference2 |a 4
= T o § : & 5 -
=§°
20F 30
= i
:n| (IASIERER1 SETINARET geitfeepybeppodgrerdorty Litelrpfrbtiatdonarieteyiseeg
0 .2 - [7] 2 .4 o 2 4 6
Py kips [in,
V' T

twr

FicurE 20.—Comperison of test dats with design curves for 243-T ahm[riﬁm—uIby flat panels with Z-section stiffeners. :—‘-—Lln.



298582 HEESN BESER 23835 3gsse

mmmmmmmmmmmmmmmmmmmmmmmmmmmm
wirlrieaded eteiaded ASAAA Aededednd Sl e 77 P P Qi e N - D P . N S P R S

18

REE332 RE380 3348% S58ER 38828 &RS

eivirdrdrded miwimieded mrdeided Sdeliedelsd Sl Sl

E888E5 2RISR REARRE 33853 33sse

L1 75 P JPE P P 5 R 0 P U Qi UK JU0° R S . K |

18

BE288% 23832 $833% §5883 88383 RNR

ririeieteded el S T el A e ]

858358 Z3888 NP8k BEERE $3588

Nt i sdrirdrte] et il el

4“4

LE8828 B8 53393 I28BBY BIBER &SR SES58E JYUR2R 7883 SEgsn I9uuy

...... it e tetndl WA e el

111111LLLLLLLLLLLLLLLLLLLLll@
588283 D2%%% JTSE KBRS ORzEn 888 825RZE BERRR Z3EHZ B3N8 L2583
LLLLLLLLLLLLLLLLLLLLLLLLLL

[ T T L T P P P T B £ P P IS P P B I e P O P e 1 ]
SZEERY 29883 39388 53380 S33RR% 358 FREIZR BRRES 23888 gBa8T INILE
Hedrdiddd AAddd AAAAA Arniadd AdAAR

38

LLLLLLLLLLLLLLLLLLLLLLLLLLLLL
BEB82% 2333% JLEAL 29358 FRBRR 8EE g238C2 BEZ33 H33RY Bte TS8R
LLLLLLLLLLLLLLLLLLLLLLLLLL

wMeirld el AAAAS AR A Sl Al
BREIFS FTUIL 33028 PABMR SEIT{ SRE EBERRT BEZ3: ZHBR8 D8%3Y I8358
Ll L T e I B e e T e P P e T P e e e e e e R B MHredidedd Adddd A A8 HelddAa

ey ]

I

JE392Y 23528 LRhER BRARS 5587 j2E SREREZ 24588 BESET 38353 28E3S

e L L T P R P I P P R P L T B L P I B RSP L I P S P P ArAAAS dadd A QA A

+1)(

2¥R8¥e SCERE 2220 LERRE 2RxEx &R RINSSS §3858 3539 39598 SBuss

el Lo Lo o T B P P PR R PP I P PO 5. P T B B P o P I I Eabale Lo T T IR T PO P TS B P I P B B P P e P P

TABLE 1

bry , ba r ra_ 1e
ﬁ)"'ﬁ-‘ 2) (t|r+hv

(bk

[1:4
L
4

td §

- (2~
b#i?

Az
| _Ls

gra8gs RRSER 258 'BE8283 HRedy 23809 g33Es
rirdreieeied HedAA Hdddd HdAdAAA AR At S
SRR RENRE =8B FE333E BE3nd 33R8Y GEEER

m rirdrieddod it A A AdeAd AddAR A

] ~ -

sy | 85I HSRE8 RaX EEZEE XWEY ISHIF FBREN
irirded e il Sl AR Heree Al Al
$TTSER NRagy REF £28888 3329 39388 q358%
rHed il S S il A HrirdA A A il
233888 CERC RS 822283 {23 S35 28E:M
el HAadAA A44 A e AR AriddA
SEEEEE CELEREELE B2BREE 283%% IS5E5 Bssss
ririelriedd A e e Wil A A

24

GEE25Y 33288 {ERRE YBGRY 23WER 5%

Ll L e T L L T R P I T P e I T P I P I o o P P B P 1

C2BERE 399E% FUS3Y S93RE FIRRY

Rl e LT Eo TS U I T T PR I T I B B I P P B O P P

£5883H 2RURR SEREZ XIIRE 2WERE A9

A SAredd A A Sl e

BEE25% B933Y J98BE HuHlkR K883

Arddd A Al AredA AR AR

REPORT NO. 8§27—NATIONAL ADYISORY COMMITTEE FOR AER_ONAUTICS

B2RSAS SaAKRL ZRRIB S3RBY 22E¥ I8

EBBadk 23398 B5EER I8R8R SRERR
rirdrird e sleddeied Aeddded Wdededd dedbeind Rl

HedddAdAd AdddlA AddAA AdddAd AdAAA

VALUES OF 4,is FOR FLAT PANELS WITH Z-8ECTION STIFFENERS.

SE3938 &XRER {UYRY %RE=¥ RRIE2 Isy BBEgGS FINSE 2RI FISRT RRARR
e e T T PR IS T P PR E SRS PP T PE R PE PR PSP RS- IS PN P Qe 1 IO HrdAd A A AdAAA AdAAA A AR
] BENE8% RURY RUNR 5583k RIBES =82 BEgtH3 §I0828 28R48 ZZRKRE ZRRR\
Helriridsd Sl AR A Sl WA L e L e e L Lo B I B P B P P P I IR T R R I ]

bwltw

balts

SREEAT FUBIB BERII IYLLB IB/BRS 8Rk REERRR 598388 85EBRQ IILLS 2388

572




573

0.3—Concluded.

=

br

TABLE 1—Conclu

VALUES OF Ajtg FOR FLAT PANELS WITH Z-SECTION STIFFENERS.

CHARTS FOR DESIGN OF 24S—T ALUMINUM-ALLOY COMPRESSION PANELS WITH Z-SECTION STIFFENERS

bsfts

BREE8Y 58830 RARYY 22887 LOERX 2832 588897 #U8L8 355RR CAOLS 2RRAC 88§
dddddd ddddd Sndded st S S e dudon ddddad oleinioiel olededeial ool
EEBR%Y FEERY 323SE 2L%3R QAERY 88E B3E98R 25388 LERBE 28338 8xRE8 283
dededededod il dedeiode cddeivdd A deid ddedeirne dddeid sledoictel cloicinded oledodedel ol
BERLEE BRERE I9E38 2828 2RENE 88 §82338 %BRSE ZBE8Y ZLIER 3R=SE 89§
delcdeicienl cdedefeied il Hddeid AddAA wids wecdrieied ededeleicd olefefedod ololededed cledodalol admid

3 E82528 RIqeT SEFSE 2RE5E MEBEE 382 SEONSE 2337 RBIRE 9CEa¥ 285EE 38y
B B B P i I vngeosd sddded dadodnl cdolefeled daloicded Add
N2880% §3%3% BUSRE ZUHEE RARSE 2dk #35828 RBOBE BULAX HURRAS A5EEE g
e e et i e e e T sidddd dodoidn doddnd deiededed olelodeld A
GEERy EB3Ed 2E3%5 LUERR BGBds BRE KESNES IBRE3 23%3% ZR4=T 22838 4R
doidddd e rirme A el A Heidnald dodoioded olodaleiol cdedoiedel eddaddid widd
JBRARE 828%Z 23IRHC SARRE BEEER 4439 22T SL328 28883 §3958 3ULIB ZRE
delcloicded daddedd A0 dddad ddudddd AR dedrddd dodcdedd dodaldd cdedodeded oedrluled e
BER2IE BEELS JKER BEREE 83%E% 243 BEEZNR E3ENY 35288 §uS€2 3R43F 38
pIppR o S o e o S o o i i i R A drddde duidoded cddelededed cdedodeded widmidd A

® SNBNEE 25888 LBRRR BEBRE S3RE8 w9 B3uBRg BUS8S ENERN SAG8L 338G BRg
R P R A N R Ut P R A P PR PR dodcicdcied moedededed  eloicfeded odedodedd AridA A
SnE28E 2B538 UBRAR cgUuR LRdcE 4R GEREEZ 85558 AWNAE 3BSCE 38ESC REY
dadededd A4 Aduddad AddAA deddd WA deldeidded Adededed doddeded ddoladdd AddAS A
R22oB% S8%58 BEURE CU2BE 2u83%% S3E E2BERE S38RR §38Ra E388% Z2ReR Cud
dedededdn Adhdd dlddd dddded dedded AAd dedelodcied aledededol dlodededol oledddd AdAAL Hdd

- | 882835 §SE3E AUARE BUUEE 2R3LR U@L | . | SSEGRY UNREN SRN2E HEE%E JEERC 228
5 FRPY I N N D R B i JLLLL PR R R e R P = dolcdciciel dedededed defedofol aldddd Adddd ddd
e | 52558 35372 SnOdh 3488 S35%% @8 | 4| 830998 IARNE BN28S 83338 RENCY 23
Y AN i R I A R R D R A R R R JOL L. it P dodaloloand dedcinind defededed Al Adddd 21l
B2BNRZ DREER 2EEEy SHRAR 36939 BRI 223823 BRIAE Age8E 22888 LERdC 288

e R R N R S DU U R P I i P R P P i deleirtodel ddeiedoinl dedeledel Hedddd A Held
838238 PEBES BLEIN &EIUR 333YT B8 BEI8IR R9=%9 LUBEC §PEAC 2NEEE ERE
Al Adddd dddddede sdddd Adedd A4 cdodriedaled sdcdnioded elededdd Hedddd A AdH
EBZSRE RIRRE SBBNE Luh2? $353% GEN £3888% ghbIEE 38383 LIIAR XBEEY CER
AddHEE ddddd A AddAA A e lelodcdeded dodmieded el dddAAd AddHe e

Y BEEERR BERSE Z3EER %834% 593339 BES BE4RLN NEIEE 38R ZIERN 2B3NS B8Y
Heiraleied weldeid Al ddddd ddddd d-4A delddeded doiddad drdddd wddAd Al A
SEASEE REB8Y 33328 BUGRR 3938k 388 828882 =8828 £208L ZEEEE £I583 B8%
Ardddd AdAAA AdAdA Sddas delddd deld doielaleded daldeded Addde Adddd Hdeddd A
RRECEE 2Y2HY 28533 2RLHS JIZCT 384 ERREI] 28082 8298 IELRE ZHBWE 29%
AdAdAAd AAd4] A8 A Addd Asddad Add dldddd ddaddd Adddd Adddd ddddd ddd
SSEBRE CHEPEE 28088 RLHIT IASEE I8 BINSSY 32388 252N EREEE dsEEd 849

o b e e P T i o R deicdedeted ceduddd Addde Adddd A A4

] SERREE S833F BEERE 33943 ¥5EEN SRR §E%288 25isg 238BR HBB3Y B2E&ed £33
Addriedd ddddd Adddd Al A A deleietoiel drddd Adddd Adddd A ddd
S8KRAZ FUBAZ 2ERIF IIVYR DI8WI BRE SRERAT 25833 BLEBIR YIEVE HIBBE 8RR

543107—50——37




ZREREE

vl e e ol el

BBI8E

25385 293ye

quszss

ol el ol od o of

258883

v

g8383

i o

18

Adngsy

vt e o ot e ot

a3823%

eloledoicd <

RS

el et

B33
Wl

16

BREESS

P P P

53838

el -

44

886358

Al i

BE32%

ooebod -

£E=el

e

ﬂm o
IQBFT
el

L-1- 3L
BEZEEZ
etodod il

EREES
A

HESEE

]

0.4,

EEELEL

Al

be
by

BES353

Al

=588k

bl it

Yot O W

EE23
Lo =1—]

wirmird i

BERES
Attt

gaggas

SNl el

22238

et ]

$833§
R R

238838

el red il

]

EREEEE

M e

88258
ot

25338
i

E32383

ol e dmied

8R&

it

g82388

i e el ]

85285

el ]

35388

et

]

is

ER828e

e ek

888

el

+1)(

3§EEnE

-
el il

=88

DN
e

- -l
S3S=ER
PRSP PR

BEEEY

A

SEEEY
NP

§e8kz

il

gedssg

A el

23888

el

CEZES

el

g3R8Y

et i

U+F
.4

T4

887338

el el

]ER

el

BEREES

e L ]

Ba3ks
NN i

28588
A

o e e
E3BSH

el

5)(

2
0.51

288234

el edmied

SR8
T
i

2ekaga

R o ar

LI

e

BESES
oA

ggsa

et

ba
(2
balts
1.4
is

TABLE 2

RIS

el it

I

—eled

iw
-“—-0.63

SrEgas
Pt et el

EBs38

el

£885%

L

B¥83R

Hiedridd

)+

be

bw

SEREE

el et e et

o
88

]

REEEEL

el Lt

BE382

vl el

§25g3

et

b BER

i

2= (1+

i

T

bw

g34388

et d i et

‘RE8X

e
Hed el

g52ds8

A A

23828

el

0D O W
$58%

el

28588

wiedeldd

-l

3

1}

K

IGI2EE

elelml e

oo
222
o
e

BEBERE
N R e

ZBE%Y

Hrerrd

2933¢

el d

HSRER
N |

24

JIEEEE

v el el et

238

=l

el

252883

weird el el e

88388

el

EEREL
e

28&RE
At

IJEEERR

el el e

—®
o
e
il

g388%8

e el

BELES

Al i

CLBRH

il

S¥EE

i

REPORT NO. 827—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

§8E=38

el el d

233

il

BE8Ea8

A

533

e L T

g5888

vl it

RRRRE

et el d

21

VALUES OF At FOR FLAT PANELS WITH Z-SECTION STIFFENERS.

85838y

Helrleded

-3=
3

—rd

]

223538

i

BEEEE
A=

D M M LD

FERES
weddd g

HRERA

el

20

583883

e

4m
[}
v—

el

225333

el

38538
el

EBEEY
NN NN N

RRESR
BEDENE N e

beftw

bafts

574

IVEREK]S

B3833

BRRAKB

2RI

23883

75




575

=0.4—Concluded.

w

br
b

"TABLE 2—Concluded

VALUES OF Afis FOR FLAT PANELS WITH Z-SECTION STIFFENERS.

CHARTS FOR DESIGN OF 248—T ALUMINUM-ALLOY COMPRESSION PANELS WITH ZsSECTION STIFFENERS

bsjts

ERERE BRIER SRYRE 22888 -B=df BEs ERRZRE 53T BEEHE SB38E $8I88 588
Heledelanlnd doloicded cdodcdeded ddlcdmm A-dAAA AAA deddededed Mdedded ddoldad slededcdal el qicled
BBRERE ¥9a8F RYRLY 22888 Z358R 288 #BBESY IRBRE S5%8F RIRBY H984% A38
deddododad clododeded ededededed Hdeodriedd Mrdmeded miee weiKkdeuod b doldadd cdedeiedd dodododed odois
E3BERG 9BRRY N3 82258 J22ER B BEEE2S An¥s® S8ERR 83033 BR8£I
e 1112 clododeded fefededed dloliddm A A Hededened Wl ooledelad odmlcdodod edededed o i
mmnmmu SHREY ERSRE 3xUBY SPERE 888 EEGR3H 28828 32BC2 85388 IRSEY 8IS
eded e ed ey cfodcdoled cdododeded odmi-dmiv lLLLL PP R My delwcded edefcdeded otedoiedod cddedoded of it
HERESE SRREE SEE3IL 2I3%E HBRRR §2% BE24RY 28870 IRE3E [%2BR 3838 I
dedaddeded ddedcdicded edodefoded dalemidd A A weleddedod dededoled ciedcdoded odedoieied Wedddedaed A
BuI23R BRRSY EE38E SB%HR RE2GE 233 3BRRa8 CHEER 23283 2IRKN °REES 55
dededodedel cdmmeded odaledmdd A HAdddd A4 Holrdwedw dddedal olodmdodd concdd ddededed A
» SELERR 2Eh8E 88823 ZIECF 28338 GES gRER87 BHBCE NEBYT S53RY S=E30 g3k
dalotedcled Wl dddd A4 AddHAd AdA Bededcdeded cdodededed Hededaded oddmieded clodededd A
SSH8NE 35538 FEE2Y IFERE U8BdE 28% 858258 ERS88 I1E385% [BE%H 2338E 82H
121221 el AdddAd AW A A1 woddodeded olodededed ededodeded ecfoledeled oA Heind
FRAREN B8BHzE 22837 IBRRE f5EEE 293 HBZ882 E3232 95342 £3988 3LE¥S5 IR
Noddededed odeddd AddAH AL Adddd S4d W doledodd cdodedoded cdodededed b4 A
Le%%EE 8823 B3738 BF388 ZzBsEE 358§ BUEPRE JEIRY B8SR% S8ESE £5B8Y 278
ddddeded it Haddd AAdAAAd AdAA Al ededededed ddododed edeoded edoddoied wid Il AAA
NES2EE8 E¥SBE 35%CE 73833 ZBBER % Bu28E BE8LY SRARE HEB2I BRINR RSB
e A AdddA A Al A dedcdodeded efdedeied oledcdedad aleddd Hmmded e
ESgEEk I2888 JERER BBod8 IRB2% 533 EEEEE GEREE RERET 25832 Z7HRB B33
delododaind Helrdidd AAddAd Al At A A4 ededcdedadod odedodedd sledededed NodmH HAdAAA el
EE8E%3 SBEBT PBURRE L2288 TERST B8R | .. | CBESS8G SBI8% R/2ZAZ 3823k BUZEE 238
doedededdnd el Hdddd AdHAd Al A sales woltiododed cicdododnd odedcdeded ededdmd HAdddd A
SE88%3: ZEanR BYREZ BB83xd BES5E 338 RBRRYY BUSAN 35585 SLUsE S2EFE 236
dedodrdidd Hedddd AdAdAAd AedddAd A Al Al Modododod cddedaled odddidmi AddHA Ad A
B5238% SUERR YB3k 25338 33LEF oS B33958 IB|NY 28388 37385 2OVEE 23
e sl A A Al A A dedddoded dededaded ool A wdddd A4
822038 BREER SEGER 2kEBE 55938 LBY B34528 §8x=Y S8LEZ BZRhE E¥hER 368
Ml el A A A S cdededededed Neddeded dodcdaeded AdAAS mimisdeded wdeddd
223725 BRBER 2CBEY 3HUN3 53983 38 B9%2Bh RREEE EXS22 NEYRE SE28E B=o
e Al ] A A A edededededed siededded Aol A AL Al
382888 LRR2Y 28358 Bx8xy 99835 RIS E5IBRE RBHEY BEBZL Z33RE DRBIY EA%
wrelmimimied el 444 Adddd A 44 ofedodadoded dododaded ofedrdntd A AdAdAE e
mmmmmn FRBYE J958% BhIYT IRI8L 588 UIRIE 24388 3EIHT ZoHR2 28388 BIg
Hdrmede Aedmdedd ddd4dd AddAdd Al Sed dododcddod dofododd Hredrdmid mimiedeld Add-4dd A4
- BRUBEEE REGHBE SBEEE pHE8Y Y9888 238 2BRR98 58257 S8 SBeRE 2358L I
Hedrdededed ddmdeded A4 AdddS d4AdS A4 edcdaladod ofdmed A Adddd HAdeimed el rleded
] Z3EBEC BBBED 2838 ShHBLS JuBRE 38§ BENZIS SB3EY N8BR3 EERgZ B8R SN
PEPS PO P P IS I PR PSP PR R P PR S PR RS P P P P S P P PPN S PR | Haddofoled ddeded ] AT A HAAddd A
:
RRERAE [EURIB 8GRI .mu#ﬁﬁm HyBEe 8RR RRRRAZ [VBI8 8kBaAT VISR HIBBE 8RR




2gREzE

el il el

82888

wiedded i

g8

et et ]

[4]

EBREE

el

-
ity
-

et

18

FRE28E

———

cfodod ol efed

§3%

il el

44

BERBEE

ERLEE

edeledoded

ot
-
it d

0.5.

br
by
10

gE8as

e

28848

eloded 3 rind

EER

et ]

8B5S

et e

ESHE8E

edod i ot o

385

ot et

38

5888282

el d el ]

g3a8d

el ed

323388

et d i il

EEES

A

IEEERE

L P

38838

el A

E8ZEER

A

REE

|

tr!

ta

82288

el el

g382k

el

88238

DA o Bl

&g2

i i

+1)(

¥8888%

Wl il i

REEEH

led et ol

T

33

iy

4

t

T4
L4

s = d=1.]
82853
O O N |

JERER

el

BESEEE

el et

BRE

it

) (

x
2

0.51

BEERET

e i il

ZERRE

el

SERRSS

e

H&R

]

TABLE 3
b
(>
bsfts
tr_
ta

883338
NI AL I

#RRKR

]

LAY

ts

RBREEZ

i

RaR

et

)+

T4

br

235889

el e e

BRNRR

ot el

2RR8sa

reedndnd el

853

it et

(1+

bw

O D i ke
AERRYE
e el e

ZRERI

el

2eg88g

el

EEE

it

_H_tn'

Ay
|_fs

L BER

o]

REBRIR

el el et

~82538

RPN e

KRR

el

CERLEE

e ]

ERIH]

el -t

82838k
AdAdA-SA

8EH

i

388288

Hed i

BEERE

el el A

g tELDES

R R |

£R8

-]

REPORT NO. 8§27—NATIONAL ADVISORY COMMITTEE FQR AERONAUTICS

CEEEE

S3RER

vl et i o

RSB

I8
i

2

VALUES OF A,z FOR FLAT PANELS WITH Z-SECTION STIFFENERS.

388833
ik I ur e o

ERERR

Al

2BERES

i rie

RAR

e

20

2REEIY

e e e

EREEE

el

N ity
BS2BER
A

ARE

d o

b@w_

balts

576

RBRRKR

I2Y

65
75

RERBER

2HEBIS




- §77

0.5—Conecluded.

TABLE 3—Concluded

VALUES OF Afts FOR FLAT PANELS WITH Z-SECTION STIFFENERS. g—’-w

CHARTS FOR DESIGN OF 24i5-T ALDUMINTUM-ALLOY COMPRESSION PANELS WITH Z-SECTION STIFFENERS

BERLEE spgiz SHESR §UEEY ESEEE BRE SBEEAE 22938 HE983 2H2EE Hg3uE R/I2
Holcidoded edoicdel doictelal dededded AdASA AAd “mddded edrdeded Hedededed etododedad Woloieled Wl
Byo788 BHU%Y RAKIN B923% IZE35 RES GEEREL 23388 8868 BIERR Y3B8E bEY
Aedeiledd cdolededod clalodoled cloleiedd Addeidd=l 1A dedeined Hedud doadaded daldde clcdedoded cledad
FEIB08 HRSBRY BRASE 58883 SG3EE RGN SBEIBR 2NRE gEIRY E8S2Y LURR =33
ool clodcicdod clolcdodoi sm-d Hdddied Wdd Heddurin durms doddded cldcddod ddodeidded ool
§RERES 54888 BNR%] SEYLR BESEE 428 5335 B4588 LBESR BoE9Y B3RRE 253
Wi NNl deieicied oA Al e .11&1&1 weideded efelededed sledeleded oloinloded wladd
BBESYY B8HRE 85832 5I38% BRRER BSE FY85ER 8882 3SR B399% SRNDE 253
dedelodried e dddda A widddddd e e Wedre ddddad deiddadad dlodeindad o4
BEYGSE BANY #2888 BI3HE BLAE el BEYN4E S8ESY 2RRCY H9GRR BNINE B8R
doicdodeded clefededed ddddd Huimdedd AddAd AdA Bernanr Weodnd doodded ddaloded dlaincled ol
FHSI¥n RRI8R 22Ilg UBRUR EORUE 288 LESRIE 2928R REEAY FU88RR 5=2%58 BB
Moiededicdd oldodicied dedededal HAdAAA Adddd - wedoddeied medfoioded cdodfiaded odododmied wWololeded el
£325%8 RENBE 2238% 4BaRE f¥Rsd 2EE KEENSE 29898 I8BNG SIRA% B8hEE S3R
drdedoin dofoicind Moiddd Aedddd Adddd Al Mol cdodededed cicdododed ddolodelel weicdeded widiA
YLBR{E 22398 FBIAF ZIRRE Z8EER @Ak yegEkl JBEER U89y BRNRY 2388F 87
deladaiotd dalddad ddddd Adddd dadddd Add Wededededed ofeiedelel cdedcdodod ddadedoded cfededndd
BRRNRH 28888 ISERR BEBRE DE2EE §%4 HEZENE DESEY 923D RREsg 22358 BN
doddaleded dedednid 4330 Al AdddS e Mededededed edodefedol cdototeled oedededed dd-dcddd el
ARE222 38535 8830: BREEY 32082 ¥%Y LZBEBE 2PB5% X37%% 233328 28848 cod
dedpiolcdod WA Adddde dmdedd Sddd0 Al - dedolefeded ledododoed odoideded dededed At~ -
#5808 30952 $I98R SEGEQ BE2H3 693 | o | GREEY RHLER Hamdy 23BIL §338:8 283
ANl e A Al Aededed W] ﬂ dededododed ededededed sledoiodel odedededd AdAAA A
sle | REXEFE S23BE BIACE 28B3¢ 3BB83 488 | pregRF Sy23 28XRF BEBYY LRYRR BLA
deteddedel A4 AddAd AddAAd AddAA e dedefedoded deddoil olddaled dadeddd A4 A
RAESSE 35888 SRCEH 52382 BYNZY °%E NEaEtd cusge 2asne L@gsD GIskR BER
deledededd Adddd Adddd AddAd mdACdAd Add NHedededeied odefrfein codleded edeimdd Adddd Hdudd
%23563 2B8UT BEIRE CI38% AXBYC 3L REBLAL 5238R H3unY BI33% 3NReR Cek
dededlmied Arelmad wddddd Hedddd e A delciededel ool cdedededed oledddd AWl At
RB2IR3S 28228 BRREY B08EH EE3LY R E3gdcy BEgng 28Ndk S589% dRBES 888
ddnrdmid A Adeidd HeddA Al Al A4 dededodeded olodcicied ededeieded oddddd Hduledd Adidd
& 8spisy BHSER PREEE BGERf 23G%d SEE GRARGE SRISE I0283 Z523H HRRRE 223
Hedrrkdd Heddd Adedd Adddd WdddAdAd S48d Nelotrdoied dodcdeied odededded Adeddd AddA= A
S%i5E3 DERBR BBGEE SEEES RITY 883 E8852Y R3N8R SB35E IEPSR BRRdE =i
PORUCRNE [N IO it IR U L R R oL S O B £ I T B T T P T B P P dedcicioded edededefel el Addidd 444 A
222553 BBYRE ¥z BY233 RIS EeY NEIBSN REGSE BUSRD 258RB RBREE 2R
L S B T P B P o R I o T B IS T dedoddeied ededefcded cdedeidd Adudeded AdAAd ddA
22358 EEREE 584%: RuIAC 339Sd 38 598238 29983 28235 DREER 28883 239
B T L I L e R e e B e e et ta T L B L Hedededaied dlodideded odddAAd delddd A A
. 8C3gRS RR28Y 228Uy 35953 g9%a% 238 §B3RIE 22838 LUSSC 4ESEE £E8R8 93
T PP SR RS R S YU U U U it L . (P - R UL S (. U odedededodod odedodeded Sdidednd AL Adeldd At
RBERIS FHBSIE BLERge dI9yxk BIVEE BrR HRLEERE AH838 8588 YI9%s II¥B8 8RR
m




578 REPORT NO. 827-—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE 4

VALUES AND COMPUTATIONS FOR OBTAINING IDEAL DESIGN
[P;=3.0 kips/In.; c=1]

Btep1 Step 2 Btep 8 Btep 4 Btep &
L Py
S 1.3 b bw 2 A ts tw bs bw
kipsfin. is 7} tw Ceshy ia (in.) (n.) (in.) (n.}
In. .

10 0.30 0.81 P 28 €340 1.427 = 0.0818 ¢ (.0318 ¢1.67 0,82
.83 28 25 35.6 L6802 .0526 .0331 1.47 .83
.70 2 24 36.7 1. 860 0440 . (0348 128 .83
L00 22 24 37.4 2.337 0343 . 0343 1.00 .82
20 15 L 32 2 2.7 1,420 0732 . 0378 2.3 L1
.68 a3 al s 304 1.612 e, 0612 -, 0388 «2.02 «1.20
.70 u 20 3L6 1.882 . . 0510 0403 L78 117
1.00 13 28 82.2 2.268 0411 411 L44 115
30 10 .51 34 87 250 1,457 (421 1.8 1.8
.63 35 35 e 27.1 1.640 - (0878 a, 0425 «43.36 1,49
.70 ar 33 27.8 1.886 . 0572 . 0452 212 1.4¢
Lo0 38 31 23.8 2.278 . 04681 . 0461 .78 143

« Velues Indicating designa that approach requirement of £5==0.084 in.

TABLE 5
VALUES AND COMPUTATIONS FOR OBTAINING PRACTICAL DESIGN BY SHORT METHOD

[P¢-=3.0 kipg/in.; Lm0 In.; e=1; tem0.0641n.; &, -0.79]

Step1 " Step 2 Btep 3 Step4 - Step § Step 6 - Step 7
Py - E‘_ b_w ;f &Far
Lve bs bw a9 A¢ s . s tw (s} As P[l i, b bw (ksh)
( kipsfin, ) ts tw (ksl) ia (in.) is (kips/in.) (n) (in.) (in)
in. For £=0,084 in.
0.15 30 0 30.9 2,006 0.0484 43.3 2.1 8.8 1.619 2.98 0.051 2.7 1.33 2.5
5 30 3.7 1.862 . 0508
I 2 20.7 L7 . 089
50 2 271 1534 0722
TABLE 6
VALUES AND COMPUTATIONS FOR QOBTAINING DESIGN FOR MAXIMUM STRUCTURAL EFFICIENCY
[P¢-3.0 Kipsfin.; Z=20 In.; e=1; ts=0.004 1n.; ¥ -o.'m]
Step 1 Step 2 ) Step 3 Step 4 Step 7 Step 8 8tep 9
Pi . E R 91 ;‘, Tar
Le bs bw 7 A: 1s 7 tw (kst) A P, tw bs bw (sl
(ktgm.) fa ir (ks is (in.) ia (klps/in.) (in) (n.) (in.}
in, For {gm0,004 In,
0.15 2 25 2.4 1.858 0.0612 2.1 25.0 20.0 1.612 2.99 0.051 2.69 L7 24.6
30 27.1 1.718 . 0648
35 27.3 1.613 . 0682
40 27.8 1538 L0702
25 30 20.9 1851 . 0540
35 30.2 1738 . 0572
40 2.5 1.645 L0618
50 211 1516 -0730
30 a5 3L7 1.862 . 0508
40 2.8 1766 . 0578
. 50 2.9 1604 .0696
60 U5 1508 L0814
40 35 26. 2 2 12 . 0542
40 2.8 .07 - 0880
50 3.8 L7718 . 0708
80 2.6 1. 649 . 0806
50 35 2.2 2,962 . 0547
40 23.4 2192 . Q584
50 23,3 1953 . 0088
00 20.7 1794 L0812
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